We examine how consumers and financial markets in the United States react to two health warnings about mad cow disease: The first discovery of an infected cow in December 2003 as well as health warnings about the potential effects aired in the highly-watched Oprah Winfrey show seven years earlier. Using a unique UPC-level scanner data set, we find a pronounced and significant reduction in beef sales following the first discovered infection. This effect slowly dissipates over the next three months. Interestingly, no significant impact can be detected in the diary files of the Consumer Expenditure Survey (CES) that has a much smaller sampling frame. However, futures prices show a comparable drop in prices to the scanner data. Contracts with longer maturity show smaller drops, suggesting that the market anticipated the impact to be transitory. Health warnings by Oprah-Winfrey reduced futures prices by more than 50% of the abnormal changes following the first discovered infection, but the effect was shorter-lived. While the CES should give accurate estimates of average purchasing decisions in a calendar year, researchers may consider instead turning to readily available scanner or futures data to track changes in buying habits over time.
Introduction
There is an active discussion how best to inform consumers about food safety issues. Policy makers have a keen interest in assessing the effectiveness of various channels through which such information could be transmitted. Possible channels are product labels (e.g., the case of cigarettes), warnings by the government agencies like the Food and Drug Administration or the Department of Agriculture (e.g., the case of mercury in fish), media coverage by news outlets, or liability rules (e.g., recall efforts for the drug Vioxx by pharmaceutical giant Merck).
The focus in this paper is to assess how consumers in the United States react to two mad cow scares. The foundation of any event study, or empirical study in general, is the availability of reliable, representative data. While researchers currently use a wide array of data sources, event studies traditionally examined changing buying habits by looking at the Consumer Expenditure Survey (CES). One contribution of our paper is to compare estimates using the CES with the estimates using two easily available data sources, and provide evidence that micro-level scanner data and futures prices are a better alternative to the traditionally used consumer expenditure survey files when accessing market level micro responses to information releases, policy interventions, and food scare events on buying habits.
The two mad cow scares we examine are the publication of the first infected cow in the United States as well as a report about the potential harmful effects of mad cow disease in a prime-time TV show. In each case we examine how the scare changes meat, especially beef, consumption. Both events reached a large audience and hence are a prime example of how information can influence consumers. The warning about the harmful effects of eating beef aired on April 16, 1996 on the Oprah-Winfrey show, an afternoon show with a large audience among stay-home parents that make food purchase decisions in a household. In the show Oprah Winfrey commented on the fact that the disease spreads by feeding ground-up cows to other cows by saying: "It has just stopped me cold from eating another burger!" More than seven years later the first outbreak of the disease was reported in the United States on December 23, 2003, and there was repeated news coverage in the newspapers, TV and radio for at least the next month.
Building on this news coverage, the hypothesis underlying this research is that the consumption of beef decreased significantly following these two highly publicized events. While there are several articles that have examined similar effects in Europe following the large-scale outbreak of mad-cow disease, all previous studies either only addressed the issue method-ologically or used aggregate data. One of the major contribution of our study is to assemble a unique micro-level scanner data set of a large U.S. grocery chain for the years around the actual outbreak in 2003. The analysis is then replicated using the diary files of the Consumer Expenditure Survey, which has traditionally been used to measure buying habits. The Consumer Expenditures Survey recruits roughly 100 new households each week to record all their purchases. A household stays in the survey for two consecutive weeks, which results in a sample size of around 200 households a week. While we find no significant change in purchasing decisions using the Consumer Expenditure Survey, the scanner data set reveals a statistically significant and robust drop in beef purchases in excess of 20% following the discovery of the first infected cow. The discrepancy in results between the two data sets casts some doubts on the Consumer Expenditure Survey and earlier studies that used it as the sample frame might simply be to small to detect changes. The CES should give accurate estimates of average purchasing decisions in a calendar year. However, as our study suggests, it is too small to track changes in buying habits over time. Given the increased availability of scanner data, we believe it should be used more widely in empirical research on consumer buying habits.
To provide additional information, changing buying habits of consumers are then contrasted to changes in cattle futures prices. In theory, financial markets should give an accurate assessment of consumer responses as financial markets are forward-looking. Systematic differences between the futures market and consumer buying habits allows us to examine whether there is excess volatility in financial markets. For example, Rausser and Walraven (1990) find that agricultural markets can overreact to disturbances, with repercussions in other markets. We find that a drop in futures prices of similar magnitude as the consumer response obtained in the scanner data set for futures with a two months maturity.
Longer maturity dates show decreasingly lower abnormal returns, suggesting that the market expected the change in buying habits to be transitory.
Unfortunately, the detailed scanner data is deleted after 4 years, and it is hence impossible to obtain data dating back to 1996, when the Oprah-Winfrey show aired. Since the futures data exhibited comparable abnormal changes to our scanner data set in 2003, we use it to contrast abnormal changes following the discovery of the first infected cow in 2003 with observable market movements following the Oprah-Winfrey show. It warned U.S. consumers about the potential health effects of mad cow disease, although there had not been any reported case in the U.S. yet when it aired in April 1996. We find that the market response of this single show resulted in an abnormal return of more than half the drop we observed after the first discovery of an infected cow including the wide-spread media coverage.
The paper is organized as follows. The next section provides a brief discussion of the literature on food safety in general and in meat markets in particular, setting up the background for analyzing mad-cow events. Section 3 outlines our data in more detail. Section 4 describes the model, before Section 5 presents our empirical results. Section 6 concludes and discusses potential policy implications.
Background and Motivation
There is evidence that consumers are increasingly responsive to new information about the safety of food. Food safety alerts can result in "food scares", a sudden heightened level of concern about the safety of a particular product that can stimulate rapid and significant reductions in demand that may or may not eventually recover to pre-scare levels in the medium or long-term.
A number of previous studies have examined the impact of food safety-related information on consumer demand and, in some cases, the consequent implications for consumer and producer welfare. For example, Smith et al. (1988) analyze the impact of an incident involving contamination of milk with Heptachlor in Hawaii during 1982 and find that negative media coverage has a larger impact than positive coverage. Consumers tend to be susceptible to "scares", but it is much harder to restore consumer confidence once the damaging health effects have been resolved. Foster and Just (1989) use the same event to construct a model that examines the welfare losses associated from withholding "safety information" (leaving consumers in the dark) or losses due to artificially exaggerating the true nature of the threat. The latter arises as consumers not only respond to actual food crisis, but also to information about the potential risk associated with consuming various products. The response to risk-related information has significant economic consequences for food businesses. Some authors have used these findings to suggest that food-retailers should seize on food safety as a market segmentation mechanism (see for example Caswell et al. (1994) ; Henson and Northen (1998); Caswell (1998) ).
While the Hawaiian milk scare was eventually resolved, new medical evidence about food-related health problems can sometimes permanently alter preferences. Examples include the case of cholesterol in shell eggs (Yen et al. 1996, Brown and Schrader 1990) and Alar contamination in apples (van Ravenswaay and Hoehn 1991) . Traditional demand modeling becomes inadequate as there is a clear structural break in the relationship between the dependent variable (food expenditure) and the explanatory ones (prices, income, or other socio-economic characteristics). Chavas (1983) presents a framework of how to deal with structural breaks in meat demand models. It is even more difficult to determine how permanent these structural changes are and in an attempt to recover information, demand models often require some assumptions on the time pattern around a crisis. We hence include year fixed effects in our approach to pick up general shifts in consumption patterns.
There has also been an interest in assessing how heterogenous responses are between various socio-economic groups. Burton et al. (1996) show that the influence of socio-economic characteristics on meat consumption changes over the years 1973 -1993 in Great Britain. Shimshack et al. (2006 use a reduced-form approach to evaluate the effect of government warnings about mercury in fish on fish consumption in the U.S. using the Consumer Expenditure Survey, and find that responses vary greatly by socio-economic characteristics. We follow their approach and rely on a reduced-form.
The occurrence of BSE (mad-cow) scares throughout Europe have recently led many researchers to investigate how consumers react to news about BSE. Burton and Young (1996) find that the continued BSE scare in the United Kingdom has resulted in a long-term reduction of beef market shares by 4.5%. Yet it is unclear how much of this shift is attributable to long-run trends. Moschini and Meilke (1989) argue that in the U.S. there has been a shift away from beef to fish and chicken. There are also studies examining the effects of the BSE scare on purchasing decisions in the United States, but they usually rely on more aggregate data. E.g., Crowley and Shimazaki (2005) use aggregate demand data from the pre-BSE period to develop an ARIMA model for changes in demand. In addition to the one-month-ahead forecast, they develop a dynamic forecast to estimate revenue loss due to the announcement.
The contribution of our paper is to use a much more detailed scanner data set to precisely estimate consumer responses in the wake of media reports about the first discovery of an infected cow and compare them to changes following a report about the potential risks associated with mad-cow disease that aired before an actual case was observed in the United States. We contrast our scanner data with the Consumer Expenditure Survey that is specifically designed to track purchasing habits, as well as cattle futures prices. We follow an event-study approach and focus on a reduced form impact in a narrow time window around when the new was made public, net of seasonal effects. To allow for possible structural shifts between years as estimated in earlier studies we include year-fixed effects and interact them with our other fixed effects.
Event study analysis can be carried out to measure the impact of food scares or food safety related information on financial markets. Economists are often interested in the impact of these events on the value of a firm or price of a product. This might appear to be a difficult undertaking, requiring detailed analysis of the impact on, for example, individual firm's productivity or the marginal willingness to pay for a product. Event studies, however, provide a relatively straightforward way in which to undertake such an analysis using data from financial markets. The assumption here is that measurement of the short-term impact on financial markets reflects the assessment of shareholders regarding the firm-level impact of the announcement, or a shift in marginal willingness to pay for a product. For example, cattle futures are forwarding-looking predictions of how beef prices will develop, and an event that will lower prices in the future should immediately be reflected in futures prices. Lusk and Schroeder (2002) examine the effect of beef and pork recalls on futures prices. Thus, a measure of the economic impacts can be derived based on changes in security or futures prices. An excellent review of the event study methodology is given by MacKinlay (1997) , and Binder (1998) provides a survey of empirical issues raised by recent event studies. The use of event studies dates back to the late 1960s when a number of attempts were made to assess the impact of new information about annual earnings on security prices (Fama et al. 1969) . These early studies, however, were hampered by the lack of readily available data on daily security prices. This made it difficult to isolate the impact of the specific event from other background influences. The subsequent availability and use of daily price series has improved the scope and precision of event analysis, but at the same time has necessitated the use of more sophisticated statistical techniques. Event study methodology has since been applied to assess the impact of a wide range of firm-specific and economy-wide events which include new government regulations (Broder and Morrall III 1991, Maloney and McCormick 1982) ; financial market predictions (Dimson and Marsh 1986) and product-and workplace-related deaths (Borenstein and Zimmerman 1988 , Chalk 1987 , Broder 1990 , Broder and Morrall III 1991 , Mitchell 1989 .
Data
To estimate the impact of media coverage about mad cow disease on consumer purchasing decisions we use various data sources. The first is a unique scanner data set from one of the largest US grocery store chains. Our data set includes 298 stores in Maryland, Virginia, Washington, and the District of Columbia. The first mad-cow outbreak occurred in Wash- The scanner data reports both sales revenues and quantity sold. The summary statistics are given in the top rows of Table 1 . We obtained the exact location for each of the 298 stores and were able to merge it with socio-economic statistics from the Census based on which zip code a store is located.
A Lexis-Nexis search gave us the daily count of articles that appeared on the topic. Our 13-weeks post-event window seems appropriate as media attention had subsided well before the end of this 13-weeks period.
The analysis is replicated using the diary files of the Consumer Expenditure Survey for the years 1990-2004. This survey is specifically designed to track purchasing decision of approximately 200 households a week. Each household stays in the survey for only two weeks and the sample frame is hence not a panel but a repeated cross-section. The survey has been used in many studies examining purchasing decision, and we use it to compare with the results from an analogous analysis using the previously mentioned scanner data. For comparison, there are on average more than 80,000 purchases of beef products per week in our scanner data set, while there are on average 133 purchases of beef products in the Consumer Expenditure Survey in a week. The descriptive statistics for the 126 days surrounding our two events are given in Table 1 .
Finally, cattle futures prices were obtained from Iowa State University.
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Arbitrage requires that futures prices rise at the risk-free rate of interest, and we hence also obtained the London Interbank Offered Rate for US Dollars from the British Bankers' Association. 
Analytical Framework
Our goal is to estimate the average price and quantity effects of the two mad-cow related events. We will first examine average effects for those close to the actual outbreak (Washington State) and a control group comprised of Maryland, Virginia, and DC. In a later section we examine whether there are heterogenous impacts attributable to demographic statistics.
The baseline reduced form econometric model for estimating the effect of a mad cow event is:
where y nsut are log expenditures by UPC code u (e.g., beef franks, ground beef, etc) in store s in week number n of winter / period t.
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The fixed effects α suw allow for a shift of average purchases in each store s by UPC code u and period t. I.e., our identification comes from changes within a UPC code and store in the given year of interest. The fixed effects β n pick up seasonal effects, e.g., week 1 is always the week after Christmas from December 26-January 1 for the regressions examining consumer responses to the first infected cow, and the week starting eight days past Easter Sunday in the regression that examines the effects of the Oprah-Winfrey show. These days are chosen such that the week-number fixed effects pick up seasonal holiday effects of Christmas (which occurs on the same day every year) and Easter (which is based on a lunar calendar and occurs on different days between years). Finally, γ n,2003 are the abnormal returns in week n in winter 2003/2004 net of storeby-winter-by-UPC fixed effects and seasonal effects. If the media coverage about mad cow outbreak changed consumer buying habits, there should be no abnormal returns prior to the mad cow scare, i.e., γ n,2003 = 0 for n <= 0 and there will be reduction in expenditures after the publication for n > 0.
We cluster the error terms nsut by store and week, thereby allowing the error terms within a week and store to be correlated between UPC codes. If there are local shocks to a store in a given week, e.g., dismal weather that causes inhabitants to postpone shopping trips, all UPC codes will show lower sales. There is very little serial correlation between weeks, and hence the potential problems raised by Bertrand et al. (2004) do not apply to our analysis.
Our hypothesis is that beef consumption dropped following the Oprah-Winfrey show or following the discovery of the first outbreak. It is less clear to hypothesize what happens to other meats (chicken, pork, etc) . On the one hand one would expect that consumers substitute away from beef to other meat products (a with-in meat substitution effect). On the other hand, some concerned consumers might choose to reduce all meat consumption, leading a decline in chicken or pork consumption. Which of the two effects dominates is an empirical question.
In a second step we examine how the changing consumption habits behave over time, i.e., was there a permanent preference shift induced by either event or do consumption patterns revert to previous levels? To answer this question we relax the weekly aggregation and revert to a localized regression of the daily abnormal returns. To do so we first estimate day-ofyear, weekday, and store-by-winter-by-UPC fixed effects for all periods but the one where the publication occurred. In the second step we smooth the residuals net of day-of-year, weekday, and store-by-UPC fixed effect using the Epanechnikov Kernel with a window of 10 days.
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We replicate analogous analyzes for cattle futures prices. In an efficient market, arbitrage requires that futures prices of financial products equal the current spot price deflated by the interest rate for the remaining maturity net of any "growth" of the underlying commodity.
6
While this is not necessarily true for commodity futures (because of storage cost and convenience yields), we are only interested in changes of the futures price and not the absolute level. We hence construct a variable that specifies price movements net of changes in the interest rate.
Empirical Results
In the following section we report our empirical estimates of how consumers and financial markets responded to the report about the possible health concerns associated with mad cow, as well as to the first actual outbreak.
Consumer Responses to First Reported Mad Cow Case Using Scanner Data
Results from the impact analysis of the 2003 mad-cow outbreak using scanner data are presented in the first two columns of Table 2 . The dependent variable are weekly expenditures for each UPC code in each store in Washington state (west) or Virginia, Maryland, and DC (east). The reported coefficients are the abnormal weekly changes γ n,2003 from equation (1). Local events and customs might lead to error terms that are correlated within a store for a given week, e.g., due to exceptional weather more or fewer shopping trips might be done. We hence cluster error terms within a store and week, thereby allowing error terms of various UPC codes to be correlated. The weekly treatment effects following the first reported mad cow outbreak in December 2003 are not only large in magnitude (approximately 30% in the eastern states and 25% in the west), but also highly statistically significant.
The magnitude of the abnormal reductions in beef consumption appears to decrease with
time, yet the coefficient on the weekly dummies remains negative for all 13 weeks following the outbreak. Our analysis uses UPC codes, a very small aggregation measure. For example, beef franks of different vendors have different codes. One potential problem with such an analysis is that some UPC codes might sell very infrequently in a given store, i.e., the average number sold is close to zero. Hence, most weeks will show a zero. Every week where at least one product is sold will show up as a very large abnormal return, as the identifications comes from deviations in sales within a UPCs. The last four columns of Table 2 therefore examine the sensitivity of the results to various specification checks. Columns (3) and (4) use year fixed effects instead of year-by-store-by-UPC fixed effects, but the results are very robust.
Columns (5) and (6) aggregate all beef purchases within a store and week (note how the number of observations drops dramatically as all purchases in a week are lumped into one observations). Again, the results are very robust. The robustness to various weekly aggregation measures is also displayed in Figure 1 , where the aggregation increases along rows. The top row displays the coefficient estimates and 95% confidence interval from the analysis based on UPC codes, i.e., the regression results in column (1) and (2) of Table 2 . On the other hand, the last row displays the coefficients if all beef purchases in a store and week are aggregated into a single observation, i.e., columns (5) and (6) of Table 2 . Finally, the second and third rows use an intermediate aggregation measure. The grocery chain from which we obtained the scanner data groups UPC codes into sub-sub-classes, where similar products from various vendors have the same sub-sub code, e.g., all beef franks are lumped together, no matter who produced them. Accordingly, the second row aggregates all sales of UPC codes with the same sub-sub-classification. The third row, furthermore, limits the analysis to sub-sub-classes that sell on average at least $100 per store and week. While the regression results vary slightly between the chosen aggregation, the overall picture is very robust. To further investigate how reactions evolve over time, we relax the weekly aggregation and instead present results of smoothed abnormal daily returns as outlined in the modeling section. Our smoothing window stretches 10 days and the weight decreases quadratic in time, i.e., any abnormal return on the day of question receives a relative weight of one, while abnormal returns one, two, seven, or nine days apart receive a relative weight of 0.99, 0.96, 0.51, and 0.19, respectively.
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The window is not allowed to cross the event day, e.g., the 7 Prices, including special sales items, are usually fixed for seven days.
smoothed abnormal return for day 2 will only include days after the first outbreak (days 1 through 12), even though day -1 would theoretically be within 10 days of day 2.
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The smoothed abnormal returns are displayed in Figure 2 . The top row uses log expenditures, while the bottom row uses log quantity sold. There is a clear discontinuity at the event day, when sales drop sharply compared to pre-event levels. The large national supermarket chain that provided us their scanner data mentioned to us that they did not systematically change prices as a response to the reported mad cow event, at least initially as they were unprepared for such an incidence.
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The smoothed changes in log expenditures and log quantity look very comparable. The only difference is for abnormal returns in Washington state two months after the outbreak occurred: while expenditures are still below historic levels, quantities sold are already above these levels, suggesting that sales prices must have fallen. Since the infected cow was found in Washington state, it appears that prices in stores in that state were reduced to counterbalance the drop in sales.
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Similar to Smith et al. (1988) we also observe that consumers react more strongly to negative than to positive news. On December 30th, 2003, the Department of Agriculture announced a new meat tracking system that should make it easier and faster to identify infected cows. Figure 2 shows that this had limited effects in Washington state, as the curve is relatively flat around day 7. In eastern states there is a brief upward trend following day 7, but is of smaller size than the drop following the discovered cow. Since the outbreak occurred in Washington state, a meat tracking system might hence be of greater importance to citizens of eastern states as it ensures that no meat from the infected area enters their supply chain.
Generally, the results seem comparable for both eastern and western states in our sample. We next examine whether different responses in various stores can be attributed to difference in socio-economic characteristics. Each store is matched with the average socio-economic characteristics from the Census for the zip code a store is located. We rerun the analysis using weekly aggregates by incorporating the interaction of a monthly dummy (for the first and second 4-weeks period following the outbreak) times the income in the zip code as well as the percent of minority groups.
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The results are given in column (1) and (2) of 8 This is purposefully done to ensure that the effect of the outbreak is not diluted by pre-event data. 9 Prices are changed once a week and then valid for a week. There was no system in place to react to the mad cow outbreak quickly enough to change prices right away.
10 The supermarket chain advised us that the expenditure data is more reliable than the quantity data as all sales are reported in dollars, while some of the packaging units change over time. In the remainder we therefore focus on the sales expenditure.
11 We include people who classify themselves as Black or Hispanic. Table 3 . For the eastern states, each additional $10,000 in mean income leads to an additional 0.9% reduction in log expenditures during the first four weeks after the outbreak, and an additional average 0.3% reduction in week five through eight. The effect is slightly stronger for Washington state, where the corresponding numbers are 1.9% and 1.8%. Yet, given that the overall reductions was in excess of 20%, our estimates suggest that there is a limited income elasticity. A word of caution is in order: we were only able to match the socioeconomic characteristics for the zip code of each store, and it is quiet possible that more affluent people would go to high-end grocery stores (like Whole Foods or Wild Oats), and our estimates could hence suffer from selection bias. However, the authors visited several stores in the Washington D.C. area, and the socio-economic groups in the Georgetown store were noticeably different from other stores in the southeastern part of the city, as one would have expected from the Census data. The sign on the minority variable was opposite of what we expected: Each additional percentage point of the population that was either Black or Hispanic resulted in an additional 0.11% and 0.02% drop during the first four weeks in the eastern states, or a 0.23% and 0.16% drop in Washington state. This might partly explained by the fact that both ethic groups have a higher per-capita beef consumption to begin with than other socioeconomic groups.
Meat that is attached to bones carries a higher risk of transmitting mad cow diseases. In a further sensitivity check we therefore interact dummies for the first and second month following the outbreak with whether the UPC description included the word "bone" or "boneless". Health conscious consumer should reduce their purchases of meat with bones even more, as it caries a higher risk. UPC codes that had the word "bone" in their description did indeed encounter larger sales drops in the first month following the publication of the first infected cow as shown in columns (3) and (4) of Table 3 . There is, however, one anomaly: in Washington state (west) "boneless" meat encountered larger sales drop in the second month following the publication than meat with "bones". Finally, columns (5) and (6) include both socio-economic controls as well as the interacted dummies for meat with and without bones. The coefficients hardly change at all compared to when each group is included by itself.
While the drop in beef consumption is consistent across time and space, we now turn to the impact on other meats. As mentioned before, the mad-cow scare could induce a meat-substitution effect where consumers switch to other meats and thereby increase their expenditures, or to an overall reduction in meat purchases due to a perceived health risks of all meats in general. Since these effects work in opposite directions, it is unclear a prior how expenditures on these goods respond. Table 4 reports the regression results of abnor-mal weekly changes using week-number and store-by-UPC-by-year fixed effects. Figure 3 displays the smoothed abnormal returns. The results are much more mixed: while some of the weekly returns are statistically significant, the significance levels are much lower than for beef. Moreover, the sign sometimes switches between consecutive weeks. Similarly, there is no consistent pattern in the smoothed abnormal daily returns: While there appears to be substitution towards poultry (chicken and turkey) in Washington State (west) where the mad cow was discovered, there is no comparable effect in the eastern United States.
Consumer Responses Using Consumer Expenditure Survey
In the following we replicate the analysis using data from the diary files of the Consumer Expenditure Survey, a data set that is specifically designed to track buying habits from consumers. Each week, about 100 representative households enter the consumer expenditure survey and keep records of all their purchases. Each household remains in the survey for two consecutive weeks before it drops out, giving a total sample size of approximately 200 households per week. The sample size is hence limited, but the advantage of the survey is that detailed socio-economic characteristics of the household are available. However, since the survey comprises a representative sample of households, omitting socio-economic characteristics from the regression should still give the right average effect.
We will first focus on the discovery of a cow with BSE in the United Sates. The results from a regression using week-number fixed effects There are several possible explanations why the scanner data set gives us consistent reduction in sales of a fairly large magnitude while the consumer expenditure data do not.
We will address each one of them in turn. First, the scanner data set included store-by-yearby-UPC fixed effects, hence forcing the identification to come from variation in sales for a given UPC code in a given period and store. On the other hand, the consumer expenditure survey lumps all beef purchases together as we do not have detailed sub-categories of various beef products. As a cross-check we rerun the scanner data analysis using only year fixed effects instead of store-by-year-by-UPC fixed effects in columns (3) and (4) of Table 2 and an analysis where we aggregate all beef purchases in a store and week in columns (5) and (6) of Table 2 . Yet, these revised regressions still give us a significant drop in beef sales even if we omit the UPC information, which suggests that differences in results between the two data sets are not due to differences in how aggregated the data are reported.
Second, the consumer expenditure survey is designed to be representative of the entire population, while the scanner data is from one of the largest grocery store chains in the United States. It is hence possible that the scanner data is either not representative of the entire population or that we have a selection effect. The latter could arise if the mad-cow outbreak leads consumers to switch to higher-end stores that supposedly sell better-quality beef. Both effects could explain in principle why one observes a significant drop in beef sales in a particular store, but not for the overall population. There are, however, several factors that speak against this theory. Our results barely change when we included socioeconomic characteristics, suggesting that they are not particularly sensitive to the chosen socio-economic subgroup. The authors visited the relevant stores in Washington DC, some of which are in very affluent neighborhoods like Georgetown, while others are in low-income areas with vastly different customers, yet we get similar results for each store. Moreover, in many rural areas there is a very limited number of high-end stores that would count as viable higher-quality substitutes, yet again, our results remain robust. It is harder to argue that there is any significant substitution effect to high-end stores in these areas as alternatives are simply not available. It hence appears unlikely that the data are not representative or there is a selection effect large enough to explain the entire discrepancy in the results between the two data sets. Moreover, in the next subsection we show that the cattle futures market, which supposedly measures the overall effect, had similar abnormal returns as the scanner data set.
Third, it is possible that the sample frame of the consumer expenditure survey with 200
households from all over the U.S. is simply to narrow to pick up changes, especially since it is a revolving cross-section where households stay in the survey for only two weeks. This concern is amplified by the observation that week-number fixed effects are much larger in magnitude and more significant in the scanner data than in the consumer expenditure survey, i.e., the former is better at picking up seasonal effects than the later even though the former only consist of 4 years, while we obtained 14 years of data for the latter. The revolving crosssection of only 200 households with vastly different composition (single household versus family with multiple kids) makes it difficult to obtain a concise picture. Finally, the longer sample size of the consumer expenditure survey also makes it possible to examine the effects following the Oprah-Winfrey show addressing the potential health effects of mad cow diseases in April 1996.
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The smoothed abnormal daily changes are displayed in the right column of Figure 4 . Again, there are no significant changes in expenditures, but given the proceeding discussion, this might simply be a consequence of the limited sample frame. We therefore turn to another data source: cattle futures. In an efficient market, futures prices should give an accurate forecast of changes in cattle prices, which are directly tied to changes in demand. Figure 5 display the abnormal changes in live cattle futures prices following the first reported mad cow outbreak in the US (left column) as well as corresponding changes following the Oprah-Winfrey report (right column). We construct the event windows around these two days (i.e., the event is called day 0, negative x-values are the number of days preceding the event, positive x-values are the number of days following the event). The y-values are changes in futures prices compared to the last trading day preceding the event day.
Cattle Futures Responses
14 Rows one through three report changes in futures prices with a maturity of two, four, and six months after the event day.
The drop in futures price with the shortest maturity (two months) is comparable in size to the reduction in log sales. Note that the units are slightly different, as our regression results are based on a semi-log model, and hence a coefficient of -0.25 implies a reduction of 1 − e −0.25 = -22%, yet the futures return are already reported as relative changes. The maximum drop in futures prices after the Christmas holidays is almost 20%, close to drops we observe in the smoothed daily returns in Figure 2 , and slightly below the ones from the 13 Unfortunately we were not able to obtain scanner data dating back as far. 14 We corrected for changes in the risk-less interest rate by using the London Interbank Offered Rate (LIBOR) as well as cash prices, where applicable. However, there were no significant interest rate movements that coincided with our event window, so these effects are very small and negligible.
weekly regression results in Table 2 .
Prices revert to pre-event levels over time as the dust settles. New precautionary systems were put in place, e.g., the Department of Agriculture introduced a new meat tracking system. Furthermore, no additional cases of mad cow diseases were found over the following weeks, which seems to have appeased both consumers and, accordingly, financial markets. Yet, the rate of recovery is much slower than the immediate sudden drop following the announcement. An interesting side effect is that the market seems to have correctly anticipated this eventual recovery, as the abnormal return of futures with a longer maturity are lower. Since futures prices are available for a longer time period than our scanner data set, we can compare the response following the Oprah-Winfrey show (right column of Figure 5 ) that warned about the potential health effects with the wide-spread reporting of the media following the actual outbreak. The hypothetical warning in the Oprah-Winfrey show lead to an initial reduction of more than half the size of the one following the actual outbreak, yet this effect vanishes faster as futures prices recovered quicker.
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As Foster and Just (1989) have pointed out, exaggerating the potential threat level can lead to welfare losses as consumer restrict their purchasing decisions.
Conclusions
We estimate the change in consumer buying habits following the first reported case of madcow disease in the United States in December 2003. We find statistically significant drops for various states and socio-economic subgroups using a unique UPC-level scanner data set we obtained from one of the largest grocery chains. Higher mean income in the zip code a store is located resulted in additional reduction in sales, as did a higher fraction of minority groups, but the latter is not always statistically significant. The overall effects of these socioeconomic characteristics is very small compared to the average consumer response. While the effects are initially large and significant, they vanish slowly over the next three months.
There was no permanent shift in consumer buying habits.
We replicate a similar analysis using the diary files of the Consumer Expenditure Survey, a data set compiled specifically to examine consumer purchasing decisions. The survey is a repeated cross-section, where each week about 100 representative households enter the survey and remain in it for two consecutive weeks. This makes it harder to detect changes following a particular event as the sample size is too small and the population changes frequently. The discrepancy in results between our novel scanner data set and the Consumer Expenditure Survey has important policy implications, as other studies using the consumer expenditure survey have sometimes found limited effects of food scares, which might in part be due to the survey design.
Finally, we also replicate the analysis using futures prices for live cattle and find that market responses where of similar magnitude as our estimates from the scanner data. Surprisingly to us, a report about the potential danger of mad cow diseases seven years earlier on a single afternoon TV-show, the Oprah-Winfrey show, resulted in future price drops of more than 50% of the drop we observed after the actual outbreak. However, the continued media coverage after the actual outbreak in 2003 implied that it took longer for prices to return to pre-existing levels. Receiving coverage in one of America's most watched afternoon television programs hence can impact markets in a sizable way compared to government warnings combined with continued general news coverage.
Yen, Steven T., Helen H. Jensen, and Qingbin Wang, "Cholesterol information and egg consumption in the US: A nonnormal and heteroscedastic double-hurdle model," European Review of Agricultural Economics, 1996, 23 (3) , 343-356. Table displays abnormal weekly changes in log beef consumption net of week number fixed effects. Columns (1) and (2) use store-by-UPC-by-winter fixed effects, while columns (3) and (4) use winter fixed effects. Columns (5) and (6) aggregate all beef purchases in a store. Table displays abnormal weekly changes in log beef consumption net of week number fixed effects. All columns use store-by-UPC-by-winter fixed effects but include other controls. Income is the per-capita income of the zip code in which the store is located (in $10,000), minority measures the percentage points of the population in the zip code that is either Black or Hispanic, the dummies bone/boneless are one if the UPC description included the word "Bone" or "Boneless". Notes: All panels reports the weekly changes following the first publication of an infected cow in the United States. The left column uses stores in Washington State, while the right column uses stores in DC, Maryland, and Virginia. The top row uses year-by-store-by-UPC fixed effects. The second row aggregates UPC on a subsubclass level and uses year-by-store-by-subsubclass fixed effects. The third row uses the same aggregation as the second, but limits the analysis to subsubclasses that sell on average at least 100 dollars per week and store. The forth row aggregates all beef sales and uses year-by-store fixed effects. Notes: Rows display Chicken, Turkey, Pork, and Lamb sales, respectively. In each row, the first two columns display abnormal changes in log consumption over time, while the last two columns display abnormal changes in the log of the quantity consumed. The first and third column use sales from all UPC codes for stores in Washington state, while the second and fourth column uses sales is Maryland, Virginia, and the District of Columbia. Day 0 is December 23, 2003, when the first case of a mad cow outbreak in the United States was made public. Abnormal changes are net of year-by-store-by-UPC, day-number, and weekday fixed effects. Notes: Rows display Beef, Pork, and Poultry expenditures, respectively. The left column uses the first publication of the first discovery of a mad cow case as day 0 (December 23, 2003) , while the second column uses the report by Oprah Winfrey (April 16, 1996) . Notes: Rows display futures prices of Iowa cattle with maturities in two, four, and six months, respectively. The left column uses the first publication of the first discovery of a mad cow case as day 0 (December 23, 2003) , while the second column uses the report by Oprah Winfrey (April 16, 1996) . Abnormal changes are net of year fixed effects. Futures with a maturity of roughly two months (top row) expire before the end of the 90-day window and hence only a partial time series is displayed.
